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Summary
Introduction: Femoral neck fracture jeopardizes the vital prognosis of the elderly subject and
the functional prognosis of the young subject. The vascular consequence is important, with the
risk of osteonecrosis of the femoral head. In young patients, predicting the risk of necrosis at
the acute stage seems warranted so as to optimize the choice of therapy. CT with injection
could be useful to study the residual bone vascularity after an acute fracture of the femoral
neck.
Hypothesis: The CT scan with injection can diagnose ischemia of the femoral head after neck
fracture by demonstrating hypoperfusion and thus estimating the risk for osteonecrosis.
Patients and method: A CT scan with injection was performed prospectively in 20 adult patients
who had given informed consent after veriﬁcation of the inclusion and exclusion criteria. Ten
presented femoral neck fracture and 10 a pertrochanteric fracture, the latter making up the
control group. The second control group was the healthy side of patients presenting a femoral
neck fracture. The images were analyzed after delineating a region of interest as a volume at
the center of the femoral head. The results were analyzed after modeling based on the physical
principle of diffusion.
Results: No differences were found between the ‘‘healthy hip,’’ ‘‘fractured hip,’’ ‘‘femoral
neck fracture,’’ and ‘‘trochanteric region fracture’’ groups. The only statistically signiﬁcant
correlation was found between the ‘‘fractured hip’’ and ‘‘healthy hip’’ of the same patient
independently of the type of fracture.
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E-mail address: matthieu.ehlinger@chru-strasbourg.fr (M. Ehlinger).
1877-0568/$ – see front matter © 2011 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.otsr.2011.01.005
368 M. Ehlinger et al.
Discussion: The results do not conﬁrm the working hypothesis. This study was mainly limited
by the small number of patients included, but this did not substantially effect the study’s
conclusions. According to the results, it seems that this study provided a CT evaluation of bone
mineral density. At the end of the study, it seems that CT with injection is not well adapted
in assessing residual femoral head vascularity or estimating the risk of progression towards
avascular necrosis. According to the literature, only dynamic MRI with injection seems to be
effective in this assessment and estimation.
Level of evidence: Level III prospective comparative diagnostic.
© 2011 Elsevier Masson SAS. All rights reserved.
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tntroduction
racture of the femoral neck is a frequent pathology, with
n annual incidence of 1/1000 inhabitants, comprising 45%
f proximal femur fractures [1]. The essential anatomic risk
ver time in cases of osteosynthesis is secondary femoral
ead osteonecrosis with triple vascular repercussions: inter-
uption of the retinacular blood ﬂow [2], interruption of
lood supply to the ligamentum teres [3], and an increase
n intracapsular pressure due to a tamponade effect [4].
he risk for necrosis after femoral neck fracture is 10—30%.
his risk rises with increasing displacement and delayed sur-
ical management [5,6]. Although arthroplasty is the rule
n elderly subjects, osteosynthesis is indicated in young
atients, on the condition of an emergency procedure and
table ﬁxation after anatomic reduction so as to reduce the
isk of post-traumatic necrosis [1].
The objective of this study was to propose a simple and
eproducible means of assessing femoral neck vasculariza-
ion after an acute fracture of the femoral neck using CT
ith injection. The objectives were to assess the residual
lood supply to the femoral head and its ischemic status in
n attempt to estimate its viability, the risk of osteonecro-
is onset, and to optimize surgical management, particularly
n young subjects. The literature reports CT studies of this
ype. We hypothesized that the femoral neck fracture is
esponsible for ischemia of the femoral head manifesting as
ypoperfusion after injection of a contrast agent that can
e visualized with CT.
atients and methods
atients
he patients included in the study were 18 years of age
r older, males and females presenting a nonpathological
racture of the femoral neck or extra articular fracture of
he proximal femur. Informed consent was obtained from
he patients, without the study being presented to the
nstitutional review board. The population concerned was
lderly because the time necessary for the CT examination
id not modify the therapeutic indication. The fracture
ad to have been acute (less than 24 h) at the time of the
xam. The exclusion criteria were related to the fracture
pathological fracture, former osteosynthesis of the pelvis
r the femur, prosthetic treatment of the contralateral hip,
r a history of fracture of the ipsilateral or contralateral
roximal femur), or to the patient (alteration of renal
unction [creatinine clearance < 40ml/min], a history of an
c
l
o
illergic reaction to imagining contrast agents, the subject
eing in an exclusion period (determined by an earlier
r ongoing study), a patient under temporary supervi-
ion or guardianship, or taking drugs that may interfere
ith the contrast agent (oral antidiabetics). The series
omprised 20 patients who had fulﬁlled the eligibility
equirements, divided into 10 femoral neck fractures (NF)
nd 10 pertrochanteric fractures (PF). The study period
as limited to CT examination with injection. The patients’
ollow-up was not modiﬁed by this study, with a standard
ostoperative follow-up in our unit for this pathology.
ethods
T procedure
he working hypothesis was investigated with bone CT with
njection of the hip following a protocol set up speciﬁ-
ally for the study. The analysis of residual femur head
ascularization was carried out by comparison with two con-
rol populations. The ﬁrst control group was the healthy
ide of a patient presenting a femoral neck fracture. The
econd element of comparison was the group with the
ertrochanteric fracture, since these fractures theoretically
resent no vascular complications or post-traumatic femoral
ead necrosis. The literature has proved the femoral head
olerance of these fractures through dynamic MRI series that
emonstrated normal femoral head perfusion after fracture
7]. The healthy and fractured anatomic regions were ana-
yzed within the same protocol for all types of fracture. The
cquisitions were made on a Somaton Sensation 64 multislice
T scanner (Siemens Medical Systems, Erlange, Germany) on
atients with a large-caliber vein (18 G) placed in supine
osition. The most symmetric alignment possible of the two
ips was checked on the AP topogram and then the slices
ere positioned to as to cover the femoral head. The acqui-
ition included six 5mm-thick slices centered on the middle
f the femoral head. They were taken in the incremen-
al mode following a low-dose protocol (80 kV, 200mAs),
epeated every second for 30 s after injection of 90ml of
omerol 400mg/ml at a ﬂow rate of 4ml/s. Image acqui-
ition began 10 s after the injection of the contrast agent.
cquisition of these six slices provided the head volume at
he center of the femoral head. We had available a suc-
ession of 30 images per slice level (180 images for all six
evels), making it possible to analyze the temporal evolution
f femoral head enhancement as 30 successive volumes. All
mages were archived in the DICOM format.
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Figure 1 Example of bilateral femoral head segmentation,
fracture of the femoral neck. A left femoral neck fracture. B
right healthy hip.CT with injection of the femoral head
Image analysis method
The images were analyzed using Médimax software devel-
oped by the LINC (CNRS-FRE 3289) and LSIIT (CNRS-UMR
7005) laboratories. This software is a demonstration and
a developmental environment with a number of functions
(read, save many image formats, multiplanar display, 3D,
image processing, manual and automatic segmentation,
rigid registration of 3D images, afﬁne, deformable, spatial
and temporal statistical analysis). We used segmentation,
which allowed us to delimit the zones of interest on each
slice corresponding to the target zones on which measure-
ments were taken. This segmentation aimed to eliminate
dense zones (subchondral bone, femoral neck cortex, zones
of cancellous trabecula densiﬁcation) present at the femoral
head, which could disturb the analysis of the cancellous
enhancement after contrast agent injection. These zones
of interest were considered to be purely cancellous. This
segmentation was carried out manually using the region-of-
interest creation tools (drawing, eraser, zoom) available in
the software. The automatic feature was not used. The zone
of interest was drawn slice by slice (six slices) on the ﬁrst
image of the series. A zone of interest corresponding to a
femoral neck volume was thus obtained, which allowed 3D
analysis of perfusion. This 3D analysis increased the study’s
pertinence compared to a 2D slice-by-slice analysis. Inten-
sity was analyzed for the entire femoral neck volume. The
mean intensity values, the median, and the standard devia-
tion were obtained. These zones were deﬁned for both hips
(healthy and fractured) and for all the patients presenting
a fracture (neck or trochanteric region) (Fig. 1). Segmen-
tation was also carried out on the femoral vascular region,
which allowed us to verify contrast agent diffusion (Fig. 2).
It should be remembered that CT intensity of cortical bone
is greater than 160Hounsﬁeld (HU).
Assessment criterion and analysis of the results
The main criterion was the mean intensity of the predeﬁned
femoral head volumes after injection of the contrast agent.
The working hypothesis postulated that there would be
enhancement of the regions of interest on the healthy side
after injection and that, in contrast, hypoperfusion would
appear on the fractured side, symbolized by the absence of
contrast uptake, a sign of femoral head ischemia. Thus, this
study attempted to assess the secondary tissue differences
upon contrast agent injection. The mathematical hypothesis
was that the system would behave physically like a diffu-
sion system whose mathematical formula is a ﬁrst-degree
differential equation simulating a dynamic model. Diffusion
corresponds to the modiﬁcation (y) of the system (S) under
the effect of an impulsion (u) associated with a noise (w).
u 
w
                      System S                              y as expressed by
dQt
dt
= −kQ (t) + cst u (t)
with t = the time factor and Q the signal.
Figure 2 Example of segmentation of the femoral blood ves-
sels. White, artery; black, vein. Graph representing the vascular
diffusion of the contrast agent. 1 = artery, 2 = vein. Standard
diffusion curve.
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Table 1 Example of a table of results for the fractured side (femur neck fracture) of the case presented in Fig. 1.
Number of CT
slices 1/s for 30s
Number of voxels
per zone of interest
Mean intensity of
zone of interest
Standard
deviation
Median
1 6326 1287.515625 132.070557 1276.000000
2 6326 1286.983887 133.942093 1274.000000
3 6326 1286.361328 134.364746 1272.000000
4 6326 1295.827026 145.351151 1279.000000
5 6326 1298.708374 147.843918 1283.000000
6 6326 1296.552979 147.122772 1280.000000
7 6326 1301.861694 152.935181 1283.000000
8 6326 1301.567871 153.414093 1281.000000
9 6326 1291.586304 140.282928 1276.000000
10 6326 1290.567139 140.705505 1275.000000
11 6326 1288.275391 138.899170 1275.000000
12 6326 1287.374023 136.068756 1275.000000
13 6326 1285.644653 135.834366 1274.000000
14 6326 1286.591553 136.471039 1272.000000
15 6326 1285.338745 136.873108 1272.000000
16 6326 1285.741821 136.585892 1268.000000
17 6326 1289.462402 139.633621 1276.000000
18 6326 1291.305664 144.136230 1275.000000
19 6326 1296.373169 148.558975 1277.000000
20 6326 1288.538086 138.863800 1275.000000
21 6326 1300.526367 151.276810 1281.000000
22 6326 1299.496094 150.212799 1282.000000
23 6326 1305.388916 155.618820 1285.000000
24 6326 1287.994263 139.047348 1274.000000
25 6326 1292.400391 142.706146 1274.000000
26 6326 1288.340210 138.777573 1275.000000
27 6326 1291.556396 143.103531 1276.000000
28 6326 1296.109863 146.844818 1280.000000
95.55
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The examination was not continuous. The measurements
ere taken with a free interval at a constant time (T), i.e.,
he difference between two measurements and therefore
he sampling period. We therefore had to apply discretiza-
ion to the diffusion equation above and use a discrete
odel. The physical system thus modeled could then come
ithin a stochastic model and the autoregressive model with
andom exogenous input (ARX) could be applied associated
ith noise. The mathematical model is represented as: a*
q) y[k] = b*(q) u [k] +w [k], with (a and b) the model’s coef-
cients, (q) a constant, (y) the intensity data from the CT
xams, (u) the modifying agent, i.e., the injection of the
ontrast agent, which was arbitrarily set at 1 because the
njection was made at a constant speed, and (w) the noise
nherent to all diffusion phenomena. We sought to obtain the
alues of parameters a and b or coefﬁcients. This required
sing a least squares prediction model, corresponding to a
inear application, which allowed us to predict the following
alues based on the results obtained. In this model, noise is
onsidered to be a white Gaussian noise with the mean esti-
ated at 0. The least squares model corresponding to the
RX system is the LRP model.
The mathematical and statistical analyses were carried
ut with MATLAB for Windows, Linux Unix Mac OS, from
athsWorksat (Natick, MA, USA).
e
T
w
t2490 146.921082 1277.000000
9497 157.456299 1282.000000
ata processing and statistical analysis
he patients were recruited by the physicians in the
rthopaedics Unit when they arrived in the Emergency Unit
ased on the above-cited criteria. Radiologists conducted
he CT exam with injection. The images were transferred
o LINC for analysis. The mathematical simulation and sta-
istical analyses were carried out. We opted not to report
ll the mean, median, and standard deviation values of the
ntensity measurements because they make up a large series
f numbers collected in a table: there were three data for
femur head volume and we performed a dynamic anal-
sis with 30 successive acquisitions of this femoral head
olume during the examination, i.e., 90 data per hip, 180
er patient, and 3600 for the series of 20 patients. Table 1
eports the example of the femoral neck fracture of the
ase illustrated in Fig. 1. The results were displayed through
ifferent comparisons: the results of the ‘‘fractured hips’’
ere compared to the results of the ‘‘healthy hips’’, the hips
resenting a ‘‘femoral neck fracture’’ were compared to the
ips presenting a ‘‘fracture in the trochanteric region’’ and
ach of these groups was compared to ‘‘its healthy side’’.
hus, in a single individual, the results of the ‘‘healthy hip’’
ere compared to the results of the ‘‘fractured hip’’ for all
ypes of fracture.
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hCT with injection of the femoral head
Results
We set a maximum period of 24 h after the patient was
admitted to the hospital during which the examination had
to be carried out. This time was dictated by the need for
the expertise of the radiologists, which gave us a win-
dow extending from Monday morning to Friday afternoon.
Respecting the preestablished inclusion and exclusion cri-
teria, obtaining an eligible group of 20 fractures required
nearly 1 year.
The ﬁrst result concerns the method of analysis since
the mathematical hypothesis formulated at the beginning,
consisting in saying that the physical phenomenon observed
was a diffusion phenomenon, was statistically valid and ver-
iﬁed because it was not rejected by the statistical analysis.
This allows us to use this physical diffusion model for the
mathematical analysis.
No statistically signiﬁcant difference was observed
between the ‘‘fractured hip’’ group and the ‘‘healthy hip’’
group, between the ‘‘femoral neck fracture’’ group and the
‘‘trochanteric fracture’’ group, nor between femoral neck
fracture or trochanteric fracture and healthy hips. The only
statistically positive correlation found was the demonstra-
tion between the ‘‘healthy side’’ and the ‘‘fractured side’’
in the same patient for all types of fracture.
Discussion
This study presents several limitations. The ﬁrst involves
the time to CT examination. We set a maximum time of
24 h after admission within which this exam was to be done.
The ideal time would have been 6—8h after injury [1], in
other words, the time delay established for stabilizing a
fresh fracture in young patients. If this time had been strictly
adhered to, we would have encountered problems recruiting
patients, since the study depended on traumatology, itself
random. The second limitation involves the low number of
cases. It was difﬁcult to include a higher number of patients
given the severity of the ethical restrictions and exclusion
criteria for this imaging study with injection. The third lim-
itation involves segmentation, which, allowing us to obtain
a targeted femoral head volume, was manual and based
on the subjective observation of bone density. To improve
reproducibility, it would have been useful to perform auto-
mated segmentation taking bone density in HU units as the
element of choice. Bone is considered to be cortical when
it presents a CT density greater than 160HU. Unfortunately,
the software available to us did not allow us to perform auto-
matic segmentation on such criteria. This would have made
it possible to compare manual segmentation to automated
segmentation, validating or invalidating the observer’s anal-
ysis. Finally, we would have been certain to have eliminated
the cortical zones of the femoral heads, thus optimizing
the analysis of the enhancement of the formal head bony
tissue retaining only the cancellous regions. The fourth lim-
itation was related to patient movement, inevitable during
the exam. These movements could disturb the volumetric
reconstruction of the femoral head portion studied and be
a source of error in the results. It would have been more
appropriate to readjust the images by recalage [8,9]. This
problem with movements underlines a new limitation. We
t
d
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oncentrated on the central part of the femoral head based
n the hypothesis that the vascular repercussions were for
he most part central, in accordance with anatomic studies
10—13]. We should have broadened the study zone to the
ntire femoral head.
The results obtained do not corroborate the hypothesis
ormulated. The imaging protocol used did not demonstrate
difference in blood supply in the femoral head between the
‘healthy femoral neck’’ group and the ‘‘fractured femoral
eck’’ group following a femoral neck fracture. The results
f the present study indicated that the femoral neck frac-
ure had no incidence on femoral head vascularization and,
onsequently, on the residual blood supply. However, it is
ighly probable that the very nature of the imaging exam
hosen is the cause and that it is not adapted to the analysis
f vascular blood supply in bony tissue. To our knowledge,
o study on this subject has been reported in the literature.
espite the attempt to segment cancellous bone from corti-
al bone, femoral head bone density disturbed the results.
his cephalic bone density interfered with the measurement
f the intensity of the regions of interest by masking the pos-
ible vascular enhancement secondary to the injection of
he contrast agent. The contrasted side of the radiological
roduct was not sufﬁcient compared to the bony tissue. In
um, it seems that the CT scan was ﬁnally no more than
pure ‘‘bone’’ assessment or only an estimation of the
emoral head density, without taking into account the vascu-
ar enhancement secondary to the contrast agent injection.
he lack of a difference between the ‘‘femoral neck frac-
ure’’ group and the ‘‘pertrochanteric fracture’’ group as
ell as the positive statistical correlation found between
he two sides in the same patient, independently of the
ype of fracture, conﬁrms our analysis of the results. The
iterature reinforces this interpretation, underlining that
he results are incoherent. Indeed, it is rightly reported
hat a trochanteric fracture presents no vascular percus-
ion on the femoral head, whereas a femoral neck fracture
odiﬁes the blood supply to the femoral head by induc-
ng ischemia [7,14—18]. Ultimately, this study has been no
ore than a simple assessment of bone density. Taking the
easoning to an extreme and considering the results exact,
.e., truly evaluating residual blood supply to the femoral
ead after femoral neck fracture, the fundamental data
eported in the literature are thoroughly challenged, which
eems incoherent, absurd, or on the contrary revolutionary.
nother hypothesis could be formulated on the interpreta-
ion of our results. The absence of a difference could be
xplained by the fact that vascular disruption has not yet
ccurred. However, the interruption of blood vessels should
onetheless be the source of hypoperfusion. In addition,
ifferent dynamic MRI perfusion studies [7,14—17] conﬁrm
he anatomic data, underlining the post-traumatic ischemic
amage to the femoral head occurring in less than 24 h.
As a result of this study, we reject perfusion CT in the
arly assessment of residual vascularization of the femoral
ead after femoral neck fracture. We conclude that it can-
ot be routinely proposed given its irradiation and the
igh-dose injection of contrast agent that may be nephro-
oxic. The data reported in the literature conﬁrm that only
ynamic MRI is capable of providing an early diagnosis of vas-
ular injury to the femoral head after femoral neck fracture
7,14—17].
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The literature reports different techniques to evaluate
esidual femoral head vascularization, which have proven
heir efﬁcacy and that we have reported in an earlier report
19]. Nevertheless, the routine use of certain of these tech-
iques is delicate from both an economic and a practical
oint of view. Several teams have demonstrated the efﬁcacy
f dynamic MRI, proposing a functional classiﬁcation of NFs
7,14—17], without the descriptive anatomical observation
hat is classically used. This is a true revolution for trauma-
ologists, with a therapeutic course of action independent of
he morphological aspect of the fracture based on residual
lood supply, in other words, the ischemic risk. The major
imitation is the availability of this exam and the expertise
equired on the part of radiologists in this dynamic form. It
s clear that MRI in the ﬁrst 8 h following a femoral neck frac-
ure would allow optimal management of the femoral neck
racture in the young patient. However, it must not delay
onservative surgical treatment with osteosynthesis, which
hould be done rapidly, within a maximum delay of 6—8h,
hich remains the best guarantee of femoral neck survival.
onclusion
T with injection is not well adapted to early assessment of
emoral head vascularization after femoral neck fracture,
ince it is not sensitive enough to demonstrate enhancement
f cancellous bone tissue after injection of a contrast agent.
t was as if CT with injection gave only an idea of the femoral
ead bone density independently of the injection. Dynamic
RI with injection of contrast seems better adapted and pro-
ides data for a functional classiﬁcation, rather than simply
escriptive data on these fractures, so that an early diagno-
is can be made of inadequate blood supply of the femoral
ead after neck fracture. However, this raises the issue of
ccessibility in emergency situations.
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